SUMMARY Methodology is developed to classify ethnic status by name using a simple probabilistic model. This method involves the consideration of four rules which may be used to classify individuals using three name components (first, middle and last names). In order to do this, conditional probabilities ofethnic status are estimated from a sample in which the ethnic status is known. Using a split sample technique the sensitivity and specificity of this methodology were examined in a data set of death registrations. Each of the classification rules performed well on the data from which they were constructed but were not as efficient when applied to another population. Nevertheless a model (linear), in which the sum of the conditional probabilities ofeach home component is used, achieved a sensitivity and specificity of 97% and 100% respectively in males and 89% and 100% in females. 
Information on the occurrence of specific diseases in different ethnic and racial populations can provide valuable clues to their aetiology. Such information may be obtained in a number of ways, eg, from published data of incidence and mortality rates' in different countries. Even then, many geographically defined populations contain several ethnic groups and it is of some interest to determine their separate disease rates. Unfortunately in many cases the identification ofethnic groups within populations is hampered by a lack of information. For example, population or disease registries may not contain information on ethnic origin. In many situations it would be useful to be able to identify ethnic status using information which is routinely collected, such as the patient's name.
Previous investigators in England,2 have used experienced observers to classify individuals into Asians/non-Asians using name information alone. This method was very successful but may be time consuming in situations where large numbers of individuals are involved. In large data sets computerised approaches are clearly of interest.
We wished to examine death rates from various diseases over the period 1950-1984, in 
Methods
We shall consider an individual to be in one of two ethnic groups, designated C and C which we will refer to as Chinese and non-Chinese respectively, although they can represent any two mutually exclusive groups. We shall assume that an individual's name, N, consists of three components, a first (N1), a middle (N2) and a last (N3) name. We have available two sets of data containing the names of individuals; in one we know the ethnic status of each person (the referents) and in the other we do not and wish to classify them (the targets). If we view names as if they were random variables, then from elementary decision theory,3 classification of individuals is best done using the value of the ratio of conditional probabilities: 
where the subscript 1 refers to the distribution of the reference population. We wish to use the relationships in equation (2) (3) where the subscript 2 refers to the target population. If, as before, we assume that the distribution of names within each group of the reference population is the same as that of the target population, then we have
We may replace the single name, N, in equation (5) by a set of names, A say, and the relationship still holds. As before we would suggest replacing the probabilities in (5) by the rules in ( A particularly simple choice for A is the set ofnames for which Gi(N) = 0. Use of rule (IV) maintains the probabilistic interpretation of (5) in (6). It should be emphasised that estimation ofP2(C) using equation (6) is likely to be very approximate and should not be used unless it is necessary.
We have discussed to date the decision of allocating individuals to Chinese/non-Chinese groups. This may be generalised to include a group of "uncertain cases" if the intention was to identify a group of Chinese and a group of non-Chinese for comparison rather than classify everybody as Chinese or non-Chinese. If individual allocation was not important, but it was desired to calculate disease rates for example, then we could calculate rates in the Chinese population by directly using the estimated probabilities: -last name where G1(N) are defined analogously with G1(i) replacing FI(i) in equation (4). The rules of equation (4) do not all have a formal probabilistic interpretation and are chosen arbitrarily. Many other choices can be imagined and these four rules are presented as examples.
Estimating the probabilities of equation (2) using the empiric distribution and replacing the ratio-in equation (1) by that of equation (3) it only remains to select k. The choice of k will depend upon the particular application, since it affects the likelihood of false negatives and false positives. If the proportion of the ethnic group in the target population is known, then k may be chosen so that the proportion classified agrees with the true proportion. If there is no information on the true proportion in the ethnic group it is helpful to have some data dependent method for estimating it. This may be done as follows. For any name N we have
Andrew J Coldman, Terry Braun, and Richard P Gallagher where equation (7) Descriptive information on the composition of the two populations is contained in table 1. For the total period, 3-5% of male deaths and 0 7% of female deaths registered were Chinese. In both periods there were more male than female deaths and substantially more Chinese male deaths than Chinese female deaths. In the following analysis we shall present the results separately for males and females.
The empiric frequencies of equation (2) were calculated using the referent population. If any name component was absent, that name was assigned the null character and treated as a legitimate name. As a method of determining the maximum accuracy which could be expected from the four rules of equation (4) classification rates were more similar to those of the males.
In attempting to use the techniques previously described on the target population one is immediately faced with two problems: (1) the proportion of Chinese is (presumed) unknown; and (2) the target population contains many names not present in the referent population. Table 3 indicates the diversity of names present in the target population, with 19% of surnames not present in the referent population. Using the method discussed in the development of equation (6) the proportion of Chinese in the target population was estimated. To do this, attention was restricted to those with a surname present in the referent population and all considerations were based using surname alone; ie, the fourth rule in equation (4) This was also found in table 2. indicating that women are more difficult to classify using the methods described. Judging from the results in table 5 the additive index (I1) would appear to be the best all around index for these data. Discussion The example shows that the method is quite successful at classifying names into Chinese and non-Chinese.
The overall accuracy of the method is strongly governed by estimates of the proportion of Chinese which exist in the population. We presented one method for estimating this quantity and no doubt other methods, which are possibly more accurate, may be devised. With an accurate estimate of the proportion Chinese, comparison of tables 2 and 5 shows that the additive index performs nearly as well on new data as on the data from which it was derived.
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Andrew J Coldman, Terry Braun, and Richard P Gallagher The greatest difficulty with this technique is the handling of names, particularly last names, for which there are no data in the referent file. We could not attempt to classify 19-4% of cases whose surname was not recognised. If it is critical that all individuals be classified, then it will be necessary to examine these cases manually. In these circumstances the technique we have presented will be labour saving but will only provide part of the required solution. If, on the other hand, it is only necessary to classify a Chinese group in the data and not everybody then this technique may prove sufficient. In other situations, such as a cohort study, one could use equations like (7) to identify the disease experience among Chinese and not worry about classifying individuals. Such a calculation is particularly simple since equation (7) requires only knowledge of the marginal distribution of the name components among the Chinese in the referent population and does not require knowledge of the proportion which are Chinese in the target population. In this case individuals with unrecognised names would be ignored although care must be taken to avoid possible biases.
It is not possible to predict with confidence whether the methodology we have described will distinguish between groups in other regions. The Chinese represent an interesting example since their names are quite different from those of Europeans and their incidence of disease is of considerable interest. Unfortunately the major difference in their names makes detailed analysis unnecessary since the untrained observer can usually classify most individuals correctly. British Columbia does not provide an ideal situation for using these techniques because of the highly heterogeneous nature of the non-Chinese population. In conclusion, it does seem to be possible to classify all individuals as Chinese or non-Chinese using the techniques described. These techniques are likely to be useful for the analysis of medium to large size target data bases. However, the large size of the reference data bases required limits their general application. Furthermore the likelihood that substantial numbers of individuals will be unclassifiable using these techniques alone suggests that they will be most useful as part of a comprehensive classification system which will involve some element of manual resolution.2 AJC was supported by a grant from the British Columbia Health Foundation.
